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Abstract
Purpose – The purpose of this paper is to develop a framework to facilitate early supplier involvement (ESI)
as an approach for reducing construction waste (CW) generated during the design process.

Design/methodology/approach – A research methodology consists of literature review, case studies
and survey questionnaire was designed to achieve the abovementioned aim. First, the literature review was
used to investigate CW, CW generated during the design process, the design process and ESI. Second, two
construction projects were analysed to investigate the role of ESI towards reducing CW generated during the
design waste. Third, a survey questionnaire was carried out with a representative sample of architectural
design ﬁrms (ADFs) in Egypt to examine their perception and application of ESI towards reducing CW
generated during the design process. Based on the results of the above, the research developed a framework to
facilitate ESI during the design process to reduce CW.
Findings – Through literature review, the research highlighted the causes of CW generated during the design
process and identiﬁed the beneﬁts and challenges that encounter ESI in ADFs. Results of data analysis showed
that “last-minute changes due to client requirements” was ranked the highest challenges of ESI in ADFs in Egypt
followed by “lack of design experience”. Moreover, “providing technical information about materials and
equipment and their capabilities” was ranked by respondents as the highest contributions of suppliers during the
design process which leads to waste reduction followed by “better estimation of materials and costs”. Finally,
respondents stated that “resistance of ADFs to include suppliers in the design phase” was ranked the highest
challenge of ESI in the design process followed by “no clear guidelines or policies that organise ESI”.
Research limitations/implications – Because of the conceptual nature of the proposed framework, it
has to be tested and validated to ensure its capability to overcome the challenges of ESI as an approach for
reducing CW generated during the design process.
Practical implications – This research presents a practical solution to the problem of CW generated
during the design process through ESI.
Originality/value – The research discussed the causes of CW originated from the design process and the
beneﬁts and challenges of ESI in ADFs. It investigated the perception and application of ESI in ADFs in
Egypt. The proposed framework which was designed to facilitate the integration of suppliers in the early
stages of the project life cycle represents a synthesis that is novel and creative in thought and adds value to
the knowledge in a manner that has not previously occurred.

Keywords Early supplier involvement, Construction waste reduction, Framework, The design process,
The construction industry, Egypt
Paper type Research paper

1. Introduction
Being one of the biggest industries worldwide, the construction industry is playing a leading
role in providing societies with projects and infrastructure facilities that achieve their needs
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and fulﬁl their requirements (Khan, 2008). In addition, it provides most countries’ ﬁxed
capital assets, increases gross domestic product, offers job opportunities and supports other
industrial sectors to prosper (Othman and AlNassar, 2021; Field and Ofori, 1988). On the
other hand, the construction industry is perceived to be one of the most resource-intensive
and environmentally damaging industries. It is responsible for 40% of the total ﬂow of raw
materials into the global economy annually. In addition, it is a substantial source of waste,
pollution and land dereliction. The construction sector accounts for 50% of material
resources taken from nature, 40% of energy consumption and 50% of total waste generated
(Hussin et al., 2013; Anink et al., 1996). The design phase is one of the key phases in the life
cycle of any construction project. Due to its nature, design is a complex, creative and timeconsuming process. It aims to develop sustainable projects that translate the client
requirements and end-user needs into technical drawings and speciﬁcations (Othman and
Abdelwahab, 2016). Furthermore, decisions made during this process have an impact on the
project’s performance and waste generated throughout its life cycle (Othman, et al., 2004).
There is a consensus in the literature that a substantial amount of construction waste (CW)
originates as a result of improper decisions made during the design process or due to the
lack of guidelines and regulations that avoid waste generation (Othman and Elsawaf, 2021;
Osmani et al., 2008; Othman, et al., 2004; Chandrakanthi et al., 2002; Ekanayake and Ofori,
2000; Faniran and Caban, 1998; Bossink and Brouwers, 1996). As the rate of construction in
Egypt is set to increase, there is a pressing need to reduce waste at all stages of construction
by considering the long-term impacts of design, build and waste management. This will be
achieved through the collaboration between project participants, sharing of information and
agreeing on design decisions. Using the practical knowledge of project participants at stages
of the project life cycle has an obvious impact on reducing waste and increasing building
sustainability. However, the traditional procurement approaches that are commonly used in
construction projects separate design from construction. Such separation prevents construction
professionals from providing the design team with constructive feedback and comments that
enhance the project design and delivered values. In addition, the traditional procurement
approaches are great sources of waste, disputes and time consumption (Kamara et al., 1999).
Moreover, the lack of integrating and consulting contractors, suppliers and other parties during
the design process leads to increasing generated waste and design rework (Katunzi, 2011).
Accordingly, this paper aims to develop a framework to facilitate early supplier involvement
during the design process to reduce CW.
2. Literature review
2.1 The construction waste
CW is a growing problem that affects the entire world. There is no universal deﬁnition of
CW. CW is deﬁned as “any substance or object which the holder discards, intends to discard,
or is required to discard” (Directive 91/156/EEC Article 1, Letter a, 1991). This deﬁnition
includes all waste, whether it is intended for disposal or recovery. Nonetheless, Skoyles and
Skoyles (1987) deﬁned CW as:
[. . .] any material that had to be transported elsewhere from the construction site or used on the
site itself other than the intended speciﬁc purpose of the project due to damage, excess, or nonuse, or which could not be used due to non-compliance with the speciﬁcations, or which is a byproduct of the construction process.

Any inefﬁciency that results in the use of more materials than are required for the
construction of a building is referred to as waste. Regardless of who is to blame for the
causes, CW has an impact on the overall cost of the project as well as the surrounding

environment (Koskela, 1992). CW is any substance, matter or thing generated as a result of
construction work and abandoned, regardless of whether it has been processed or stockpiled
prior to being abandoned. It is a collection of surplus materials resulting from site clearance,
excavation, construction, refurbishment, renovation, demolition, and road construction
(Kofoworola and Gheewala, 2009; Lu et al., 2019). According to the World Bank’s most
recent report, published in 2012, the amount of CW generated globally is expected to
increase from 1.3 billion tonnes to 2.2 billion tonnes by 2025. (Hoornweg and Bhada-Tata,
2012). CW has a negative impact on society, the economy, and the environment, which are
the three bottom lines of sustainable development. This is due to the fact that CW increases
project costs and duration, causes signiﬁcant ﬁnancial losses for businesses, increases
energy consumption and has an impact on the environment (Daoud et al., 2020, 2021).
2.2 Construction waste generated during the design process
CW is effectively generated at all stages of the project’s life cycle. However, the design phase is
responsible for a signiﬁcant amount of waste (Osmani, 2006). The failure of architects to
implement waste reduction measures or strategies during the design process is estimated to
account for 33% of on-site waste (Othman and Elsawaf, 2021; Innes, 2004). According to Keys
et al. (2000), the process of CW production through design is complex because buildings contain
a diverse range of materials and products, and various project stakeholders contribute directly
or indirectly to waste generation. However, the literature generally agrees that design changes
and variations are major sources of CW (Bossink and Brouwers, 1996; Faniran and Caban,
1998). Othman et al. (2004) identiﬁed 30 drivers that lead to design changes and waste
generation. These drivers were classiﬁed into 12 categories, which included a lack of
communication, clarity and understanding (Barrett and Stanley, 1999); inappropriate feasibility
studies (De Valence, 1999); initiating Value Engineering changes (Stocks and Singh, 1999); enduser absence during design (Kernohan et al., 1992); lack of coordination and accuracy (Keys
et al., 2000); inadequate provision of information (Best and Valence, 1999); and a lack of
regulations updates and technology advancement (Smith et al., 1998).
According to Osmani (2012), the factors that contribute to waste generation during
design are design changes, design and detailing complexity, design and construction detail
errors, unclear/inappropriate speciﬁcation and poor coordination and communication.
Adewuyi and Otali (2013) identiﬁed three major causes of CW in Nigeria: design changes,
the use of unusual forms and shapes and rework. Furthermore, Luangcharoenrat et al. (2019)
stated that design and documentation; human resources; construction methods and
planning; and material and procurement are the causes of CW in Thailand.
2.3 The design process
According to the Royal Institute of British Architects (RIBA, 2020) plan of work update, the
typical project life cycle consists of seven stages. Each stage has its deﬁnition, work scope, and
participants. The pre-construction stages will be the focus of this paper. This is since preconstruction lays the groundwork for any successful construction project. Before a shovel hits
the ground, the project team should prepare a communication plan and thoroughly examine all
aspects of the project. The feasibility study and constructability exercise are frequently
developed based on the project scope, programme requirements and site constraints.
Furthermore, as the initial vision evolves into the ﬁnal documents, the budget implications of
design decisions are assessed. Collaboration between the design team and the construction
manager helps ensure that the chosen systems and components will perform as expected and
optimise building performance (Barrie and Paulson, 1992). Othman and Youssef (2020) stated
that the growing recognition of clients’ role in the construction industry necessitated providing
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them with sustainable projects that meet their needs and expectations while remaining costeffective. The design process is one of the most important phases of the construction process
because decisions made during this phase have an impact on the building’s performance
throughout its life cycle. The best value for money can be obtained from projects by
integrating, communicating and collaborating effectively among project participants during
the design phase. However, the traditional procurement approach, which is widely used in the
construction industry, has proven to have numerous ﬂaws and difﬁculties. This is due to the
fact that it separates design from construction, preventing construction professionals such as
contractors and suppliers from incorporating their knowledge, experience and skills into the
design process.
2.3.1 Preparation and brieﬁng. The primary tasks completed during this stage include
preparing the project brief, including project outcomes and sustainability outcomes;
undertaking feasibility studies; agreeing on project budget; sourcing site information,
including site surveys; preparing project programme; and preparing project execution plan
(RIBA, 2020). During this stage, the design team can encourage the implementation of a
variety of means to reduce CW including, buildability, prefabrication, new construction
methods, adaptive reuse and design out waste guidelines (RIBA, 2019; WRAP, 2009) and
sharing best practice and experience with project stakeholders (Osmani, 2015).
2.3.2 Concept design. The concept design stage is concerned with developing an
architecture concept that incorporates strategic engineering requirements and is aligned
with the cost plan, project strategies, and outline speciﬁcation. It also focuses on agreeing on
project brief derogations, conducting design reviews with clients and project stakeholders
and developing a stage design programme (RIBA, 2020). Early collaboration among
stakeholders can optimise working procedures, prevent rework, and reduce waste
generation from conﬂict between design and production (Ajayi and Oyedele, 2018; WRAP,
2009), avoid overly complicated building forms and excessive variations to encourage
modern methods of construction, project buildability and material efﬁciency (Ajayi et al.,
2017; Keys et al., 2000). Furthermore, investigating material dimensions and speciﬁcations
at this stage is an excellent opportunity to maximise resource efﬁciency (BSI, 2013) and to
use a ﬂexible design approach to achieve societal changes without generating waste (Poon
et al., 2003).
2.3.3 Spatial coordination. The primary tasks of the spatial coordination stage are to
conduct design studies, engineering analyses and cost exercises to test architecture
concepts, resulting in spatially coordinated designs that are aligned with updated cost plans,
project strategies and outline speciﬁcations. Furthermore, it focuses on initiating change
control procedures and preparing a stage design programme (RIBA, 2020). Guidance for
achieving sustainability objectives and reducing CW during this stage include collaboration
and discussions with diverse stakeholders to investigate design solutions (WRAP, 2009),
using modular design and uniform standard building components to reduce waste from
cutting-to-ﬁt actions in construction and simplify manufacturing procedures (Xu and Lu,
2019; Russell, 2012), adopting dimension coordination or an orderly relationship among
dimensions in the design to decrease residual waste and optimising building material
efﬁciency (Ajayi et al., 2017; Ajayi and Oyedele, 2018).
2.3.4 Technical design. The technical design stage is concerned with the development of
architecture and engineering technical design; preparing and coordinating design team
building systems information; preparing and integrating specialist subcontractor building
systems information; and preparing stage design programme (RIBA, 2020). During this
stage, the design team can encourage the use of a variety of methods to reduce CW, such as
collaboration among stakeholders to prevent waste from errors and misunderstandings in

the manufacturing and construction stages, weighing material lifetime and durability (Ajayi
et al., 2017), withdrawing hazardous materials (Keys et al., 2000), promoting local materials
(Coventry and Guthrie, 1998) and selecting recycled materials (Xu and Lu, 2019).
Furthermore, quality control is carried out to check construction documents and drawings to
reduce errors and mistakes before realisation (Ajayi et al., 2017), and all architectural and
engineering information is approved for manufacturing and construction. Finally, proper
documentation will allow information to be transferred to the following stages, including
working procedures, advice, and waste minimisation solutions (Poon et al., 2003).
2.4 Early supplier involvement
2.4.1 Deﬁnition and the emerging role of supplier. Generally, a supplier is a person or
business that provides a product or service to another entity. The role of a supplier in a
business is to provide high-quality products from a manufacturer at a reasonable price to a
distributor or retailer for resale. The supplier acts as an intermediary between the
manufacturer and retailer, ensuring that communication is forthcoming and stock is of
sufﬁcient quality (Oberlo, 2021). In construction, traditionally suppliers were considered to be
organisations contracted to provide physical supplies such as goods, materials and plants,
either directly to the client or to the contractor or subcontractors. However, the increasing
complexity in the construction industry and supply chain, as well as the emerging practices as
off-site fabrication, called for suppliers to provide services to the project such as developing the
project brief, architectural services, engineering services, construction management services or
provide goods to the project such as constructed assets (PAS 1192–2, 2019).
2.4.2 Beneﬁts and challenges of early supplier involvement. Involving suppliers in design
teams improves information and expertise for new ideas and technology. Potential problems
can also be identiﬁed early on, which improves the quality of the ﬁnal design. Furthermore,
it eliminates rework, reduces costs, provides a possible method for outsourcing that can
reduce the inner complexity of projects and provides extra resources that can reduce the
project’s critical path. ESI can also improve information exchange and communication,
which reduces delays and ensures that the project is completed on time. When suppliers
understand all of the project concerns, it leads to a better relationship between the supplier
and the buyer on future projects. So, the most signiﬁcant beneﬁt of ESI is that suppliers
contribute to the development of a better solution by providing access to their technological
resources, capabilities, and design ideas (McIvor, 2004). Furthermore, ESI plays an
important role in improving building maintainability (Kamal et al., 2019) and reducing CW
during the various stages of the project life cycle, particularly design (El-saeidy and
Othman, 2021). Despite the advantages of ESI, integrating suppliers into the design process
poses several challenges. Cooperation with suppliers can sometimes result in a slew of new
ideas, which suppliers can then take and sell to competitors. Furthermore, suppliers’
offerings are sometimes limited, and they will frequently choose their untested products
which lower competitiveness and limits prospective options. In addition, the goals of the
contractors, designers and suppliers are not always coinciding which results in
unwillingness in sharing accurate information (Johnsen, 2009; Wynstra, 1998). Effective ESI
can be negatively affected by the excessive interventions by customers exercising their
power in the relationship. Furthermore, a lack of sufﬁcient organisational resources dedicated
to collaborating with key suppliers will obstruct the full realisation of ESI’s beneﬁts. Another
cultural challenge is present in the resistance of the design team to include suppliers in the
design phase (Chen, 2010) and the unwillingness of clients to accommodate the idea of ESI
(Saghatforoush, 2014). Finally, it is not easy to coerce suppliers to provide additional levels of
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support. ESI is still shrouded in mystery as no clear guidelines or policies have emerged to
govern this type of involvement (Chavhan et al., 2012).
2.4.3 Early supplier involvement in design process. ESI is considered one of the top
project development initiatives. This is because the high levels of competition between
organisations nationally and internationally as well as the fast-paced markets called for
developing better, smarter and more innovative projects. ESI will help to take immediate
and important actions to avoid lagging (Basi, 2015). There are several requirements to
integrate suppliers during the early stages of the project life cycle. These mainly include the
continuous need to enhance the design, integrate sustainability aspects, reduce waste,
improve building maintenance, achieve quality standards and increase the levels of
ﬂexibility and efﬁciency during the construction phase. (Kamal et al., 2019; El-saeidy and
Othman, 2021; Othman et al., 2004). These also include the speed of developing relevant
materials and technologies, as well as the gaps in the market structure of the ﬁeld. So, this
will result in higher levels of co-operation and will enhance the transparency between
supplier and clients. Moreover, it is necessary to share ideas and data, to have deep cooperation, and to have open discussions between supplier and customer at the initial phases
of the project. The participation levels of the suppliers can differ widely, starting from
providing simple information about materials and equipment, to be fully responsible to
design parts and components. Furthermore, project improvement and innovation could be
an additional responsibility for the supplier work during construction. Suppliers also are
knowledgeable about the materials, and equipment’s cost, efﬁciency, storage, standards and
how to transport them. As a result, this knowledge will enhance the ﬁnal design and reduce
redesign and modiﬁcation, that the supplier can suggest the most suitable material and
equipment with the best price; reducing rework and waste during construction (Johnsen,
2009).
3. Case studies
3.1 Deﬁnition and selection criteria
A case study is a research method for describing and analysing a single matter,
phenomenon, event, or project to identify variables, structures, forms and orders of
interaction between the participants in the situation, or to evaluate work performance or
development progress (Sturman, 1997). Two construction projects (one from Egypt and the
second from Saudi Arabia) were chosen for this study and analysed to investigate the role of
ESI during the design process towards reducing CW generated during the design process.
The case studies selection criteria were based on the nature of the selected projects, data
availability, degree of success and location and region. All of the case studies featured
construction projects that were successful in minimising CW through the supplier
integration during the design process. Because there were few published case studies that
addressed the issue of ESI in the design process, the availability of data was a major factor
in selecting the case studies. Despite the fact that the ﬁeld study was conducted in Egypt,
the case studies were chosen from Egypt and Saudi Arabic due to a lack of cases of ESI in
the design process.
3.2 Case study (1): Katameya Clinic Hospital, Egypt
Katameya Clinic Hospital (KCH) was established in 2019 as one of the largest and most
prominent private hospitals in New Cairo. The hospital which accommodates 170 beds,
consists of a ground ﬂoor and three typical ﬂoors with a total built-up area of 1400 m2.
The initial design for the hospital’s four elevations was curtain walls with glass panels
of 2.35 m  2.00 m. These dimensions are not standardised in the Egyptian market.

The glass working and aluminium systems supplier was invited to participate and provide
proposals for the design of the curtain walls. The supplier proposed several suggestions to
enhance the elevations of the hospital and reduce expected waste. The ﬁrst proposal was to use
curtain walls in the main elevation only and to choose other ﬁnishing materials for the rest of the
elevations to reduce the project’s cost and the exposure to sun heat in Egypt’s hot climate in
summer. This will facilitate the maintenance process and reduce the cost of replacing broken
glass panels as well as reduce the air conditioning requirements to improve the inner climate for
end-user. The second proposal was to use 1.00 m  1.30 m glass panels which is one of the
commonly used panels in the Egyptian market. There is a lot of standardised glass panel in the
Egyptian market, so choosing non-standardised panels will increase the cost of construction and
time for manufacturing. Applying the supplier’s ﬁrst suggestion resulted in reducing the cost by
3,600,000, while the supplier’s second suggestion resulted in reducing the cost by 3,200,000
Egyptian Pounds (KCH, 2021)(Figure 1).
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3.3 Case study (2): administrative and service buildings, Saudi Arabia
This project consists of different administrative and service buildings owned by the public
sector in Saudi Arabia. The scope of work included the design and construction of a false
ceiling (concealed gypsum type). A list of three different suppliers and brands was provided to
allow the client and design ﬁrm to choose from. The three suppliers/products were given a
symbolic abbreviation namely, (A), (B) and (C) respectively. Based on the quality and country
of origin, the client selected supplier/product (C); however, the design team suggested supplier/
product (A or B). After discussion, the client decided to choose the product (B). The
involvement of the selected supplier during the design process enabled enhancing the
performance of the face ceiling, reducing waste and cost during construction and facilitating
the maintenance process. Based on his knowledge and experience, the supplier recommended
providing 60 cm  60 cm ceiling access doors. These doors helped to eliminate waste during
the cleaning and maintenance process. The supplier indicated also that these doors would
avoid cracking of the gypsum boards while maintaining, cleaning or replacing air ﬁlters. By
following the supplier’s instructions and installations guidelines, it was possible to reduce
waste in terms of materials, cost and time (Figure 2) (Kamal et al., 2019).
4. Research methodology
Achieving the research aim called for a research strategy that could gather data sufﬁciently
rich to develop the abovementioned framework. Two approaches, namely, theoretical
(literature review) and practical (ﬁeld studies), were used to achieve four objectives:
(1) First, the literature review was used to build a comprehensive background about
the research topic through reviewing CW, CW generated during the design
process, the design process and ESI.

Figure 1.
Katameya Clinic
Hospital (KCH, 2021)
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(2)

(3)

(4)

Figure 2.
Access Doors to
clean/change air
ﬁlters (Kamal et al.,
2019)

Figure 3.
Research
methodology
(Developed by
Authors)

Second, two case studies of architectural design ﬁrms (ADFs) were collected and
analysed to investigate the role of ESI towards reducing CW generated during the
design waste.
Third, a survey questionnaire conducted with a representative sample of ADFs in
Egypt was analysed to investigate their perception and application of ESI towards
reducing CW caused by the design process.
Finally, based on the results derived from the previous objectives, the research
proposed a framework to facilitate ESI during the design process to reduce CW
(Figure 3).

4.1 Population and sampling
The sampling plan for the survey questionnaire using a random probability sampling
method was applied to the population size which was 44 (ADFs) registered in the
Egyptian Engineers Syndicate (EES, 2019). This allowed every unit an equal chance of
being included in the sample (Hannagan, 1986). This helped to select a representative
and non-biased sample. To calculate the sample size, the next two equations were used
(FluidSurveys Team, 2014):
Sample Size Calculation ¼ 

Distribution of 50%

Margin of error% =

True Sample ¼

2

Confidence Level Score

Sample Size  Population
Sample Size þ Population  1

In this research, the conﬁdence level chosen is 95% and the margin of error is 5%. The
conﬁdence level score corresponding to the conﬁdence level of 95% is 1.96.
Sample Size ¼

True Sample ¼

0:5  ð1  0:5Þ

2 ¼ 384:16
0:05 =
1:96

384:16  44
¼ 39:5740
384:16 þ 44  1

However, as the true sample size is only different from the population size by 4; the
population size would be considered entirely for the survey questionnaire. It is worth
mentioning that the names of these design ﬁrms were suppressed for security
according to their request.

4.2 Structure and validity of the survey questionnaire
The survey questionnaire consisted of three sections about respondents’ general
information, CW and ESI. The survey consisted of open-ended questions (e.g.
thoughts and opinions) and close-ended questions (e.g. Yes/No questions, rating
questions based on 1–5 Likert scale). The validity of survey questionnaire was
escalated through:
 ensuring that the designed questionnaire fully represent the underlying concept of
CW and ESI;
 consulting a number of specialists to assess the extent to which the questions relate
to the subject of CW and ESI (Nachmias and Nachmias, 1996);
 conducting a pilot study to test the effectiveness of the survey and determine any
potential errors. After going over the responses of the preliminary test and making
changes, the questionnaire was ready for formal testing (Baker, 1994; Czaja and Blair,
1996); and
 using representative and non-biased sample. Copy of the survey questionnaire could
be obtained from authors upon request.

Early supplier
involvement
framework

JEDT

5. Data analysis
This section presents and analyses the results of a survey questionnaire conducted with a
representative sample of ADFs in Egypt to examine their perception and application of the
ESI concept to reduce CW generated during the design process.
5.1 Response rate and respondents’ proﬁle
Out of 44 ADFs invited to participate in the study, only 35 ﬁrms responded to the survey
questionnaire representing (79.5%) which supports the research conclusions and
suggestions. The number of years of experience of these ﬁrms in the construction industry
ranges from 5 to 50 years. They are involved in all types of projects including residential,
commercial, medical, industrial, cultural, business, recreational and educational. The size of
these ﬁrms ranges from 10 to 50 employees with architecture, engineering and construction
backgrounds.
5.1.1 Perception of reducing construction waste generated during the design process.
Respondents conﬁrmed their perception of reducing CW generated during the design
process which indicates the maturity of the surveyed ADFs. 71.4% of respondents stated
that waste is a fundamental problem that their ADFs should follow a strategy to reduce
their origins and consequences. Respondents stated that CW could be generated during
different phases of the project life cycle (68.6% during the construction phase, 23% during
the design phase and 8.2% in another phase). These results are in line with the literature
ﬁndings of Daoud et al. (2020, 2021). In total, 97.1% of respondents stated that architects can
reduce and control waste during the design process. On a scale of 1 to 5, respondents rated
the causes of CW generated during the design process. Results showed that “last-minute
changes due to client requirements” was ranked the highest cause with an average (3.57/5)
followed by “lack of design experience” with an average (3.43/5), “design errors and
omissions” (3.34/5), “design changes” (3.23/5), “construction drawings’ errors” (3.17/5),
“improper construction methods” and “poor quality materials” (3.14/5) and ﬁnally “noncompliance to regulations and speciﬁcation” (3/5) (Figure 4). These results were in line with
Osmani et al. (2006).
5.1.2 Perception and application of early supplier involvement during the design process.
In total, 77.1% of respondents conﬁrmed that the involvement of suppliers during the design
process will reduce CW. In addition, 65.7% of respondents stated that they informally apply
the ESI concept while 34.3% mentioned that their ADFs do not involve suppliers during the
design process. On a scale of 1 to 5, respondents rated the role that suppliers can play
towards reducing CW generated during the design process. Results showed that “providing
technical information about materials and equipment and their capabilities” was ranked the
highest contribution with an average of (3.72/5) followed by “better estimation of materials
and costs” (3.62/5), “efﬁcient development of project speciﬁcations” (3.37/5), “proposing
innovative solutions that enhance performance, save energy, cost and time” (3.2/5),
“suggesting sustainable materials and systems that reduce waste and enhance building
maintainability” (3/5) (Figure 5).
5.1.3 Challenges of early supplier involvement in architectural design ﬁrms in Egypt.
Respondents ranked on a scale of 1 to 5 the challenges that may affect the ESI in the design
process in ADFs in Egypt. Results showed that “resistance of ADFs to include suppliers in
the design phase” was ranked the highest challenge with an average of (3.65/5), followed by
“no clear guidelines or policies that organise ESI” (3.52/5) and “difﬁculty in trusting
suppliers and sharing information with transparency” (3.41/5), while “goals of architects and
suppliers are not always coinciding” (3.25/5), “unwillingness of suppliers to provide an
increased level of support and commitment” (3.17/5), “unwillingness of clients to support
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Figure 4.
Respondents’ ranking
of causes of CW
generated during the
design process
(Developed by
Authors)

Figure 5.
Respondents’ ranking
of the contribution of
Suppliers towards
reducing CW
generated during the
design process
(Developed by
Authors)

ESI” (3.10/5), “suppliers tend to propose untested solutions which lower competition and
options” (3/5) (Figure 6). This highlighted the need to overcome these challenges to enable
ESI in the design process in ADFs.
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Figure 6.
Respondents’ ranking
of challenges that
obstruct ESI in the
design process in
ADFs (Developed by
Authors)

6. A proposed early supplier involvement framework for reducing
construction waste generated during the design process
6.1 Deﬁnition and background
A framework is deﬁned as a set of notions, techniques and tools in a planned outline to
complete a product, process and design (EDMS, 2010). The ESI Framework is a proposed
framework developed by this research to facilitate supplier involvement during the design
process to reduce CW generated during the design process.

6.2 The need for the framework
The framework is needed to provide a structured plan for senior management in ADFs to
overcome the challenges that prevent supplier involvement during the design process in
ADFs in Egypt. The necessity of this framework stems also from the importance to provide
architects in ADFs with the necessary knowledge, skills, tools and techniques to reduce CW
generated during the design process.

6.3 Development of the framework
The development of the framework was based on the results gleaned from the literature
review, case studies and survey questionnaire (Figure 7).
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6.4 Aim of the framework
This framework is an innovative conceptual business improvement tool developed to
facilitate the involvement of suppliers during the design process as an approach towards
reducing CW generated during the design process.
6.5 The conceptual description of the framework
The framework consists of ﬁve functions:
(1) identifying integration problem;
(2) establishing integration objectives;
(3) developing integration plans;
(4) executing integration plans; and
(5) monitoring, evaluating and optimising obtained results (Figure 8).
6.5.1 Identifying integration problem. The “Identifying Integration Problem” function is an
essential function of this framework because it enables ADFs to identify the challenges that
obstruct the integration of suppliers in the design process. It is of importance to build an
effective team (including a competent team leader) that will carry out the integration study.
Achieving a balance between the need for participants who represent various areas of
expertise and possess diverse backgrounds is fundamental for accomplishing the study
objectives. The study team should contain between six and, twelve full-time participants, to
maintain optimum productivity (Norton and McElligott, 1995). Performing an early
orientation meeting will help in establishing strategic issues like study duration, resources
required and assigning responsibilities to team members. Senior management support will
facilitate the provision of needed resources and the adoption of study decisions. Data
collection methods (i.e. literature review, survey questionnaire and interviews) and data
analysis techniques (i.e. quantitative and qualitative) have to be deﬁned and used.

Figure 7.
Framework
development
(Developed by the
Authors)
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Figure 8.
ESI framework
(Developed by the
Authors)

Brainstorming techniques, team consensus and evaluation matrix are essential for
identifying and classifying the challenges of ESI in the design process. Furthermore, key
personnel and resources such as project managers, architects, suppliers, design team
members, and training programmes play an important role in achieving the objectives of
this function. Based on literature review, case studies and survey questionnaire conducted in
this research, some challenges were identiﬁed, including:
 ADFs’ reluctance to include suppliers in the design process.
 There are no clear guidelines or policies in place to organise ESI.
 Difﬁculties in trusting suppliers and sharing information in a transparent manner
 Architects’ and suppliers’ goals do not always coincide.
 Suppliers’ unwillingness to provide increased support and commitment;
 Clients’ unwillingness to support ESI.
6.5.2 Establishing integration objectives. The “Establishing integration objectives” function
aims to identify the objectives of the early integrating of suppliers during the design
process. To achieve this objective, different tools and techniques should be used, including
meetings, brainstorming, literature review, case studies and survey questionnaire. In
addition, taking into account the involved personnel needed including project managers,
architects and design team members have a great role in achieving the most possible
beneﬁts from supplier involvement. Based on literature review, case studies, and survey
questionnaire conducted in this research, some objectives were identiﬁed, including:
 providing architects with technical information regarding materials and equipment
and their capabilities;
 reducing CW generated during the design process;
 encouraging the development of new ideas and technology;
 eliminating rework;




allowing early identiﬁcation of potential problems, thus improving the quality of the
ﬁnal design; and
improving communication and information exchange that reduces delay and
ensures that the project is completed on time.

6.5.3 Developing integration plans. The “Developing integration plans” function aims to set
the procedures and actions required to achieve the integration objectives and to overcome the
integration challenges. To achieve the objective of this function, different tools and techniques
should be used, including planning techniques, meetings and training programmes. In addition,
the involvement of project managers, architects, suppliers and design team members have a
great role in achieving the objective of this function. In this research and based on literature
review, case studies, survey questionnaire some ideas for having an implementation plan were
suggested, including:
 applying integrated project delivery (IPD) approach;
 changing the culture of ADFs about the importance of ESI in the design process;
 providing training programmes to enhance the knowledge of architects and
decrease the clients’ and design teams’ worries; and
 devising contracts or regulations that organise ESI in ADFs.
6.5.4 Executing integration plans. The “Executing integration plans” function aims to
execute the plans developed in the previous function. During this function, architects should
be trained and skilled enough to accept the concept of ESI and to learn how to get the
greatest possible beneﬁts from this involvement. Moreover, senior management support is
essential for offering the required facilities for achieving the involvement objectives and
beneﬁts. Suppliers also should be trained and skilled enough through workshops and
training programmes to enhance the design process by reducing CW generated during the
design process. Finally, securing government support in providing guidelines, contracts or
policies will facilitate ESI. The execution stage should use the work authorisation system,
which provides for veriﬁcation of predecessor activities and the permission to begin
successor activities. This ensures the quality of the integration process.
6.5.5 Monitoring, evaluating and optimising obtained results. The “Monitoring,
Evaluating, and Optimizing Obtained Results” function aims to ensure successful early
involvement of suppliers towards reducing CW generated during the design process. Within
this function, monitoring is used to collect and analyse information related to ESI and
compare actual against planned results to judge how well the intervention is being
implemented. In addition, the evaluation is used to assess, systematically and objectively all
the elements of ESI to determine its overall worth or signiﬁcance. The objective is to provide
credible information for decision-makers to identify ways to achieve more of the desired
results. Finally, optimisation focuses on making the early integration of suppliers in the
design process as fully perfect, functional and effective as possible. During this function
contentious feedbacks and reports should be provided, solutions and corrective actions
should be taken if plans are not implemented as developed.
6.6 Beneﬁts and limitations of the framework
The framework presents structured procedures to facilitate the integration of suppliers in
the early stages of the project life cycle. This framework helps not only in reducing CW
generated during the design process but also in enhancing the quality of the ﬁnal design.
The framework can enhance the awareness of architects regarding the importance of the ESI
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concept during the design process. However, the effective application of the framework
depends to a large extent on the willingness and encouragement of the senior management in
ADFs to adopt the framework to reduce CW generated during the design process. In addition, if
the senior management does not have the desire and tended not to use the framework, then its
adoption will be limited. Since the adoption and application of the framework is a long-term
strategy and due to the tight schedules in construction projects, this framework might not be
welcomed by some sectors of the industry. Moreover, the lack of contracts and legislation that
organise and regulate ESI, limits the adoption and application of the framework.
7. Conclusion and recommendations
The construction industry is one of the biggest industries worldwide. It plays a crucial role
towards achieving the social and economic sustainable development goals of countries
worldwide. On the other hand, the construction industry is blamed of being one of the most
resource-intensive and environmentally damaging businesses. The design phase is an
important phase of the construction process as many of the decisions made during this phase
have an impact on the project’s performance and waste generated throughout its life cycle.
During the course of this research literature review was conducted to investigate the CW,
causes of CW, the design process and ESI. In addition, two case studies were analysed to study
the role of supplier involvement towards reducing CW during the design process. In addition,
results of the survey questionnaire carried out with a representative sample of ADFs in Egypt
showed that “last-minute changes due to client requirements” was ranked the highest
challenges of ESI in ADFs in Egypt followed by “lack of design experience”. Furthermore,
“providing technical information about materials and equipment and their capabilities” was
ranked by respondents as the highest contributions of suppliers during the design process
which leads to waste reduction followed by “better estimation of materials and costs”. Finally,
respondents stated that “resistance of ADFs to include suppliers in the design phase” was
ranked the highest challenge of ESI in the design process followed by “no clear guidelines or
policies that organise ESI”. Based on the ﬁndings of literature review, case studies and survey
questionnaire, the research developed a framework to facilitate ESI in the design process in
design process. Accordingly, the research comes to the following recommendation:
 Raising the awareness of ADFs towards integrating suppliers in the design process
as an approach for reducing the CW generated during the design process.
 Encouraging ADFs to be open and change their culture towards adopting new
approaches such as ESI using their technical knowledge and skills to improve the
design process and waste reduction.
 Providing Senior Management of ADFs with successful examples of the beneﬁts
gained through ESI in the design process especially reduction of CW.
 Providing necessary training programmes, technologies, infrastructure and
resources to facilitate the integration of suppliers in the design process.
 Enacting laws, regulations and incentives to encourage ESI across ADFs in the
country and acknowledge the ﬁrms that succeed in reducing CW during the design
process.
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